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Executive Summary
A supernate sample (Envelope A) from Hanford Waste Tank AN-103 was shipped to the Savannah River Site (SRS) where the sample was pretreated to remove the majority of the radionuclides and was vitrified. Methods used in the pretreatment and vitrification were laboratory-scale versions of the methods proposed by River Protection Project (RPP) personnel for immobilization of Hanford tank waste. Samples of the resulting glass waste form were collected, treated and analyzed according to EPA SW-846 protocol.
Results indicated that the composition of the glass waste form was close to the target composition. In addition, the concentration of alpha emitting radionuclides (2.4 x 10 2 pCi/g) was orders of magnitude below the value at which the waste form would need to be handled as Transuranic (TRU) waste. Cesium-137 was the predominant radionuclide and was present at (1.2 x 10 6 pCi/g).
Analyses showed the waste form met applicable limits for target analytes specified. These analyses included cyanide, RCRA metal, dioxin and furan, volatile organic compound and semivolatile organic compound content, and RCRA metal leachability. Results from the Toxicity Characteristic Leaching Procedure (TCLP) showed the waste form met Universal Treatment Standard (UTS) for all target analytes. Detection limits for thallium were too high to determine whether this element met the UTS limit. Thallium was not one of the specified target analytes.
Samples were characterized for over 150 organic analytes. Four volatile organic compounds were detected in the samples at concentrations (between 3 and 7 µg/kg) that were below what is typically considered quantitative (less than 10 times the detection limit). Except for acetone, these volatile organics were detected at similar concentrations in one of the field blanks. These volatile organic compounds are thought to have been present as a result of laboratory contamination.
Two dioxins and one furan were detected at very low concentrations (between 0.3 and 5 ng/kg) in the samples but were detected at similar or higher levels in the field blanks. In addition, two unidentified organic compounds were detected in all samples and blanks analyzed for semivolatile organic compounds. These organic compounds are thought to have been present as a result of laboratory contamination. Although three semivolatile organic analytes could not be measured directly, results for the other semivolatile organic analytes suggest that these three compounds also were not present in the glass waste form at detectable concentrations.
Introduction and Background
As part of the River Protection Project (RPP), the United States Department of Energy (DOE) is developing a process for treating and immobilizing radioactive waste that is being stored in tanks at the DOE site in Hanford Washington.
The Savannah River Technology Center (SRTC) has been asked to perform demonstrations of the proposed process using nonradioactive samples (waste stream simulants) and radioactive samples (from the Hanford Tank Farm). As part of these demonstrations, SRTC is to have key samples analyzed according to "regulatory" protocol. 1, 2, 3 One set of samples was from an Envelope A glass waste form produced from pretreatment and vitrification of supernate taken from Hanford Tank AN-103. This report is a summary of these regulatory analysis results.
The results in this report are from analysis of a glass waste form that was produced by six furnace vitrification tests. Three of these tests were performed with a nonradioactive simulant material to produce vitrification "process blanks". The remaining three tests were performed with the pretreated Envelope A supernate sample. The details surrounding these furnace demonstrations have been described elsewhere. 4 SRTC personnel collected samples of the glass waste form. SRTC personnel also performed some of the sample preparation. With the exception of the volatile organic analyses and the dioxin and furan analyses, BWXT performed the sample analyses. Southwest Research Institute (SwRI) performed the volatile organic analyses and the dioxin and furan analyses. Both laboratories routinely perform analyses according to the EPA protocol specified for these samples.
Results from all regulatory analyses of the Envelope A glass waste form are presented in this report. Although some of the process blank and field blank results have also been presented here, a complete presentation of results from the process blanks, field blanks, trip blanks, laboratory method blanks, and standards have not been included here. Instead, the five volume data package is being issued independently. 5 The table of contents from this data package has been included as an appendix to this report. This report has been organized to make it as compatible as possible with the requests made by RPP personnel.
1,2 Chapter 3.0 Experimental has been organized chronologically into sections describing the sample collection, preparation and analysis. Chapter 5.0 Results has been organized into a separate section for each of the tables in Reference 1.
Revision 1 of this report is being issued primarily to provide information not included in Revision 0 and to provide clarification of some information that was included in Revision 0. The most significant change that was made during the revision was the incorporation of quality assurance and quality control results. Specifically, Revision 1 incorporated the following changes:
-A Table of Contents and List of Tables was included (Page iv) . -The format was changed to the standard SRS technical report format (all pages) -"Formerly BNF-003-98-0252" and "Revision 1" were added to the headers (all pages). -The document issue date was changed to reflect issue date for Revision 1 (Page ii). -Changes were made to the authors and responsible management (Pages ii and iii).
-Editorial changes were made (throughout). -Changes were made to reflect the current RPP contractor (throughout).
-Additional detail was included on the generation of field blanks (Page 4).
-Additional information was included in 1.0 Executive Summary (Page 1). -Additional discussion was included for Tables 3.1 and 3.2 (Pages 5 and 6).
-Method referenced in Table 3 .2 was changed from "15305" to "3015" (Page 6).
-Requirement for acid digestion of TCLP extracts was referenced (Page 6).
-Quality assurance and quality control detail was added (Pages 7, 8, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) .
-Additional discussion was provided on the density results (Page 9).
-References were given for definition of the estimated quantitative limit (Page 21).
-Additional discussion was included on TCLP and metal analyses (Pages 22).
-Units (µg/L) were designated in Table 5.2 rather than in the table title (Page 24) . -An explanation of the Table 4 .3 column headings was given (Page 24). -Additional detail was included on the detection limits in Table 4 .3 (Page 24). -Additional detail was included on application of the CLP 5x rule (Pages 33 and 34). -Addition detail was included on the nontarget analytes that were detected (Page 34).
-Inaccurate reference to Low-Level Radioactive Waste was deleted (Page 34). -Paragraphs were moved to accommodate page breaks and tables (throughout).
Experimental
This chapter is a description of the methods used to collect, prepare, and analyze the samples. Descriptions of the sample collection and sample preparation methods have been organized according to how the samples were generated. Sample analyses have been presented in the same order as the analytes listed in Tables 1 through 5 of Reference 1.
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A. Sample Collection
Four "supersamples" of glass waste form material were collected from six furnace tests. The supersamples were -Nonradioactive (process blank) samples for volatile organic compound analysis.
-Envelope A samples for volatile organic compound analysis.
-Nonradioactive (process blank) samples to be ground prior to analysis.
-Envelope A samples to be ground prior to analysis.
The supersamples collected for volatile organic compound analysis were used to meet some of the characterization needs specified in Reference 1 for supporting a delisting petition and for supporting permitting. The other supersamples were used for the remainder of the delisting and permitting analyses and all analyses specified for tank waste, radionuclide, and physical property characterization.
Sampling of these waste forms was performed between 1 week and 1 month after the glass waste forms were produced. The sampling process was a simple transfer of the glass waste form materials from their storage containers to a glass jar that had been certified as clean. The storage containers were either another certified clean glass jar or the crucible in which the glass was made.
Immediately after collecting the glass waste form samples, field blanks were collected. The field blanks were reagent grade sand generated in the same fashion as the waste form supersamples. To generate the field blanks, sand was transferred to sample containers in the same location and immediately before sampling of the glass waste forms. For the process blank and Envelope A supersamples that were used for volatile organic compounds characterization, the supersamples were collected on different days. Therefore, a separate field blank was generated for each of these supersamples. In addition, ASTM Type II water was used for trip blanks.
B. Sample Preparation
Each supersample was subjected to size reduction and divided into samples for preparation and analysis. Table 3 .1 is a summary of the samples, blanks, and standards and of the preparation and analysis methods. For each sample, some of the sample preparation was performed by SRS and the remainder was performed by one of the subcontractors prior to analysis.
Size reduction was performed at SRS. For volatile organic analysis samples and blanks, an agate mortar and pestle were used to break the material into pieces that fit into a standard fortymilliliter vial. Samples were collected in a fashion that would be consistent with Method 5035 treatment and Method 8260B analysis. For the other supersamples, the agate mortar and pestle were used to grind samples and blanks into particles with diameters of less than 0.9 cm. Some of this material was ground further 4 and dissolved by either an acid dissolution, a sodium peroxide fusion with an acid uptake, or a sodium peroxide fusion with a water uptake. Table 3.2  Table 3.2  Fusion & Acid  2  2  1  -2  Dissolve Table 3.2  Table 3.2  Fusion & H 2 O  2  2  1  -2  Dissolve Table 3.2  Table 3 .2 *Samples prepared by breaking of supersamples that were produced for volatile organic analyses. **Samples prepared and analyzed for cyanide, density, oxalate, ignitability, ammonia, and total halides. + Performed by Southwest Research Institute (SwRI) or Babcock and Wilcox Technologies, Inc (BWXT).
The resulting samples were sent to one of the subcontractor laboratories where additional pretreatment was performed as shown in Table 3 .1 (column labeled "Lab."). SwRI was responsible for the samples that were analyzed for miscellaneous volatile organics, volatile organics by IC, methanol, and dioxins and furans. The extraction indicated in Table 3 .1 for the IC and methanol samples was a water extraction. The other analyses were performed by BWXT.
One set of samples (identified as "Miscellaneous" in Table 3 .1) was characterized for cyanide, density, oxalate, ignitability, ammonia, and total halides. For density, ignitability and total halide analyses, no preparation was necessary. Prior to the other analyses, the following preparation steps were performed: -Cyanide: EPA SW-846 Method 9010B -Oxalate: Hot Water Leach -Ammonia: Sample Digestion
C. Sample Analysis
The title of each subsection in this section was taken from the corresponding table in Reference 1. Titles are not meant to suggest that the designated activities are underway. For example, Subsection 1 is titled "Analysis to Support Delisting Petition." At this time, the authors are not involved in efforts toward delisting the low-activity waste forms from the Hanford High-Level Waste tanks.
Analysis to Support Delisting Petition
Analyses described in this subsection were performed on the last six sets of samples listed in Table 3 .1. The methods used for most of the analyses have been given in Table 3 .1. For the metals, anions and radionuclides analyses, the samples were dissolved at SRS prior to shipment to BWXT for analysis. The analytical methods have been given in Table 3 .2 along with the preparation and analysis methods used to characterize the samples that were dissolved at SRS prior to shipment to BWXT. Standard methods were used to characterize the samples for the other analytes. For cyanide and ignitability, the set of samples designated for miscellaneous analyses was used. Cyanide was determined using Method 9014. Ignitability was measured using Method 1030 modified to accommodate a smaller sample size. The TCLP leachates were acidified-digested as required by the TCLP method (Step 7.2.14) prior to analysis. Except for the sample analyzed for mercury, Method 3015 was used to acid-digest the samples. The resulting digested extract was analyzed using Method 6010B. For mercury, the sample was acid-digested and analyzed using Method 7470A.
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In addition, dioxins and furans were measured according to EPA SW-846 Method 8290. This analytical procedure had been implemented as a SwRI standard operating procedure (SOP). One furan (OCDF) and two dioxins (HpCDD and OCDD) were detected in all samples and blanks. In addition, one of the process blanks was determined to have been contaminated with OCDD from glassware that was determined to have been used in other Method 8290 analyses. All values have been included, but these results should be considered to be the maximum concentrations that could be present in the samples.
Analysis to Support Characterization of Glass Waste Form Samples
These analyses were performed on the last three sets of samples listed in Ammonium was determined using an ion-selective electrode technique. This was consistent with discussions held with RPP personnel and was consistent with the task plan. A method blank was not analyzed along with the samples. Although not required, a trip blank was sent along with the samples that were analyzed for ammonium. Ammonium was determined in the trip blank. The value measured in the trip blank was used as the detection limit for these results. All other quality control and quality assurance requirements were met as specified in Reference 2.
Analysis to Support Permitting
Analyses described in this subsection were performed on the first six sets of samples listed in Table 3 .1. These analyses consist of all the organic compound analyses except the dioxins and furans. All methods used for these analyses had been discussed with RPP personnel prior to the analyses. Except for determination of methanol by EPA SW-846 Method 8015, all methods had also been incorporated in the task plan.
As indicated in Table 3 .1, after preparation of samples by EPA SW-846 Method 5035, most of the volatile organic compounds specified in Reference 1 were determined by SwRI using EPA SW-846 Method 8260B. For volatile organic compound analyses, surrogate recoveries were out of specification for three samples and one process blank. Low level concentrations were detected for 2-methyl-2-propanol, acetone, and toluene in these samples. In addition, tetrasiloxane was detected in the trip blank as well as the laboratory's method blank. Tetrasiloxane is a component of vacuum grease and is common in laboratory environments. The measured concentrations have been reported for these analytes; however, because the accuracy of the results is questionable (expected to be biased high due to laboratory contamination), these results should be considered to be the maximum concentrations that could be present in the samples.
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To determine the concentration of formate and acetate, SwRI used a modified version of Method 9056 after extracting the samples with water overnight. The modified Method 9056 was a SwRI standard operating procedure (SOP) in which the standard carbonate/bicarbonate eluant was replaced by a sodium borate eluant. This allowed the acetate and formate to be determined separately. Matrix spike and matrix spike duplicate analyses were easily within the specified ranges for these samples. Triethylamine was determined using a Dionex CS14 column and a methane/sulfonic acid/acetonitrile eluant. This analytical method had been implemented at SwRI as a SOP.
After performing this same extraction on the methanol samples, SwRI determined the methanol concentrations using EPA SW-846 Method 8015. The SwRI SOP followed the EPA SW-846 method except that it was modified to include methanol as the target analyte. Containment of the Envelope A field blank appears to have been compromised since this field blank was described by SwRI as being an aqueous/solid mixture. The field blank should have been reagent grade sand. Because the integrity of the samples was not compromised, because the sample analyses met the required quality assurance requirements and because methanol concentrations in the samples were below the analytical method detection limits, the reported detection limits for methanol should be considered valid (results in subsection 5.C.1.c. Methanol).
As indicated in Table 3 .1, after preparing the sample using EPA SW-846 Method 3550B, BWXT used EPA SW-846 Method 8270C to analyze samples for semivolatile organic compounds. Two nontarget compounds were detected in the samples, the process blanks, the field blanks, and in the laboratory's method blanks. The identity of the compounds was not determined. The concentrations reported for these unidentified species should be considered to be the maximum concentration that could be present. Because these compounds were present in all quality control samples, they should be considered to be contaminants. These compounds are being reported here as directed by the RPP customer.
Because EPA Method 3550B was used as a preparation step for both the pesticides and PCB analyses, a single sample was extracted, and the resulting extraction liquid was used for both analyses. Although the same method was also used for analysis of semivolatile compounds, a different extraction fluid was used for preparation of the samples for semivolatile organic compound analyses.
After extraction of the pesticide and PCB samples using EPA SW-846 Method 3550B, BWXT used a portion of the resulting extraction liquid to analyze for pesticides by EPA SW-846 Method 8081 and another portion to analyze for PCBs by EPA SW-846 Method 8082. All calibrations, calibration checks and recoveries were within specified limits for both of these analyses.
Radionuclide Analysis
The methods have been summarized in Table 3 .2. Detection limits for selenium-79 have been included as they were reported from the laboratory although recoveries for this species were not within the range specified in Reference 2. Detection limits for carbon-14 were very high because of interferences. The values given in this report for carbon-14 have been adjusted to account for these interferences.
Determination of Physical Properties
Pycnometry was used to determine the density of the glass waste form samples. These analyses were performed on the set of samples labeled as "Miscellaneous" in Table 3 .1. Size reduction on these samples was limited to that which was necessary to provide a waste form with particles less than 0.9-cm diameters. Although this may have reduced the bulk density somewhat, the effect was expected to have been less than measurable and in any case would have caused the measured bulk density to be biased high by less than 10 %.
Quality Assurance
This chapter is a summary of the quality assurance aspects of these analyses. Reference 5 is the data package for these analyses and includes results from all samples and quality assurance measures. An abbreviated table of contents for Reference 5 has been included in the Appendix to this report. Except where noted, EPA SW-846 protocol was implemented through SOPs that followed EPA SW-846 guidance. Deviations from EPA SW-846 are discussed in this chapter. For applications that require strict adherence to the quality control limits specified, additional samples would need to be analyzed to provide the few results that deviated from these quality control limits.
A. Analysis to Support Delisting Petition
The first analyses to be discussed in Chapter 5.0 Results will be analyses that were performed to support delisting. These results are discussed in three groups, cyanide analyses, dangerous waste characteristics, and TCLP. Although field blanks and process blanks are discussed in this section, the results from the analyses of these blanks are presented along with the sample analyses in Chapter 5.0 Results.
Miscellaneous
Cyanide analyses were made on a water leachate according to EPA SW-846 Methods 9010B and 9014. The SOP was written to allow for a smaller leachate volume than SW-846 (61 instead of 500 milliliters). Although no range was specified for cyanide recovery, laboratory control spike (LCS), matrix spike (MS), and matrix spike duplicate (MSD) recoveries were within the specified range for metals (75 to 125 percent) as was the matrix spike precision (relative deviation less than 20 percent). These results and the calibration check sample results have been included in Table 4 .1. 
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Dangerous Waste Characteristics
Analyses performed to examine the dangerous waste characteristics followed EPA SW-846 methods indicated in Tables 3.1 and 3 .2 except where noted in this subsection. For the ignitability test, the SOP was modified to allow for use of a one-gram sample in a four-inch strip instead of a 250x20x10-millimeter strip. Laboratory control and matrix spike samples are not applicable to the ignitability tests. Recoveries, precision, and calibration check sample results for the other analyses have been included in Tables 4.1 and 4.2. Except for silver and OCDD, recoveries given in Table 4 .1 were within the required range (75 to 125 percent for metals and 50 to 130 percent for dioxins and furans). Except for 1,2,3,4,6,7,8-HpCDF, all relative deviations were acceptable (below 20 percent for metals and 25 percent for dioxins and furans). In addition, although arsenic analyses met all other specifications, interference check samples indicated that interference may have caused reported arsenic results to be higher than actual concentrations.
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Silver recoveries were thought to have been low because of the formation and precipitation of silver chloride in the acid-dissolved glass samples. Glass samples dissolved using the sodium peroxide fusion method were expected to be free of such interferences. No recovery analysis was performed on the peroxide fusion samples. Results from analysis of the peroxide fusion samples have been included in Chapter 5.0 Results with the appropriate qualifications.
The OCDD detection limit was set by application of the CLP 5x rule to the method blank analysis. Analytical results below these detection limits have been included in Chapter 5.0 Results with the appropriate qualifications. For the other analytes given in Table 4 .1, detection limits were those determined by the laboratories according to SW-846 calibration protocol.
Dioxin and furan contamination was evident. Because of this, OCDD recoveries could not be determined. In addition, OCDD was detected in the method blank. Low concentrations of OCDD in the samples were below the detection limits as defined in the preceding paragraph. OCDF and 1234678HpCDD were detected in the samples at concentrations greater than the method detection limit. In all cases, the concentration detected in the samples were less than the concentrations in the field and process blanks.
The TCLP analyses were performed according to EPA SW-846 Method 1311. The SOP was modified to allow for use of a five-gram sample instead of a one-hundred-gram sample. In addition, the matrix spike and matrix spike duplicate were each prepared with 25 milliliters of the TCLP extract while 45 milliliters were used for preparation and analysis of the samples.
Except for barium, mercury, and silver, recoveries given in Table 4 .2 were within the required range (75 to 125 percent). Except for barium, all relative deviations were acceptable (below 20 percent). In addition, although arsenic analyses met all other specifications, interference check samples indicated that interference might have caused reported arsenic results to be higher than actual concentrations. Arsenic results are reported in Chapter 5.0 Results with the appropriate note.
Although barium, mercury, and silver recoveries were outside of the acceptable range, recoveries for the total metals analyses (Table 4 .1) were acceptable for barium and mercury. Therefore, these analyses will be used in Chapter 5.0 Results to draw conclusions regarding TCLP results for these metals. A similar case will be made for silver. For silver, recoveries for the aciddissolved samples were not acceptable.
Detection limits for mercury, antimony, cadmium, chromium, and lead were based on application of the EPA MDL formula to results from the initial calibration blanks. Analytical results below these detection limits have been included in Chapter 5.0 with the appropriate qualifications. For the other analytes given in Table 4 .2, detection limits were those determined by the laboratory according to SW-846 calibration protocol.
B. Analysis to Support Characterization of Glass Waste Form Samples
The second analyses to be discussed in Chapter 5.0 Results will be analyses that were performed for characterization of the waste. Metals analyses were performed using EPA SW-846 Method 3015 followed by Method 6010B. Anion analyses were performed using EPA SW-846 Method 9056. Ammonia analyses were performed using EPA Method 350.3. For the ammonia analyses, the SOP was written to allow for a smaller sample size. For the halide analyses, EPA SW-846 Method 9020B was used.
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Most recoveries given in Table 4 .3 were within the required range (75 to 125 percent).
Recoveries that were outside of the required range fell into one of three cases. First, in some cases, recoveries were outside of the specified range because of limitations in the preparation or analytical methods. In other cases, recoveries were outside of the specified range because samples were spiked with analyte concentrations well below the sample concentration. In still other cases, recoveries were not measured.
The bismuth matrix spike and duplicate recoveries were both below the required range. In addition, the matrix spike recovery precision was slightly outside of the required range. Bismuth recoveries were low. This was hypothesized to be due to an interference. One of the uranium matrix spikes was also slightly outside of the required range. No explanation has been given for this result. The corresponding sample results have been included in Chapter 5.0 Results along with an appropriate note.
For several of the analytes, reported recoveries were outside of the acceptable range not so much because of problems with the preparation or analytical methods, but because the amount of the analyte used was too low. For thallium, one of the LCSs was less than five times the detection limit. The error associated with this analysis, therefore caused the recovery to be outside of the specified range. For other analyte recoveries, the amount spiked into the sample was much less than the amount already in the sample. The result from analysis of these matrix spikes were very close to the expected analytical value, but because of the error associated with taking the difference of two large numbers, the recoveries were outside of the specified range. One of four interference check samples for beryllium and two of four interference check samples for thallium were slightly low (76 to 77 percent). The other interference check samples for these analytes were above 80 percent. In addition, the detection limit for antimony was based on application of the EPA MDL formula to the calibration blank results. The results for beryllium and thallium and antimony have been included in Chapter 5.0 Results with the appropriate qualification. Matrix effects caused a baseline shift during the initial phase of the ion chromatography analyses. Because of these matrix effects, chloride and fluoride could not be determined in these samples.
In addition, although analysis indicated that nitrate was in the samples, these matrix effects made quantitation impossible. To quantitate nitrate, phosphate and sulfate, the procedure was modified to initiate peak integration after the nitrite peak elution.
Detection limits for ammonia were based on application of the 5x rule to results from the trip blank supplied with the samples. No method blank was run with these samples. In addition, the laboratory determined halide detection limits from the blank responses and the amount of sample used. A detection limit study had not been completed on this method.
C. Analysis to Support Permitting
The third analyses to be discussed in With the exceptions noted below, results from the EPA SW-846 Method 8260 analyses met all applicable quality assurance requirements. These requirements included a bromofluorobenzene tune of the analytical instrumentation, calibration requirements, and recovery requirements.
Results from the matrix spike and matrix spike duplicate have been given in Table 4 .4 along with some of the laboratory control sample results. Octamethyl cyclotetrasiloxane was reported in the method blank. This compound was also reported to be in one of the samples. Although this compound was not one of the target compounds, it was reported as a tentatively-identified compound. Therefore, this compound was not included in the method calibration. The sample result has been reported in Chapter 5.0 Results along with the appropriate qualification.
Most compounds met calibration linearity requirements (less than fifteen-percent deviation during initial calibration and less than 30 percent during continuing calibration). Those compounds that did not meet the linearity requirements were known to have poor purging characteristics. Of the compounds that did not meet the linearity requirements, only acetone and 2-methyl-2-propanol were reported above the detection limits. These values have been included in Chapter 5.0 Results with an appropriate qualification.
b. Volatile Organic Compounds Measured Using Ion Chromatography
Results from the EPA SW-846 Method 9056 and triethylamine analyses met all applicable quality assurance requirements. These requirements included calibration specifications, recoveries, and blank analyses. No laboratory control samples are required by these methods.
Results from the matrix spike and matrix spike duplicate have been given in Table 4 .5. All matrix spike results were within the specified ranges (recoveries between 50 and 130 percent and relative deviations less than 25 percent). Procedures used to prepare these samples and analyze for these analytes have been described in previous chapters. As indicated, the formate and acetate analyses were performed using a EPA SW846 Method 9056 procedure that was modified to allow for separation of formate and acetate. Ion chromatography (IC) was used for triethylamine determination because this analyte cannot be determined by EPA SW846 Method 8260B. Both of the IC methods required calibration verification during sample analysis.
The procedure requires an initial calibration verification prior to sample analyses. The standards used to perform the initial calibration were to be the same as the standards used to make the matrix spike and duplicate. The initial acetate calibration verification showed this standard to be 831 ppm rather than 1000 ppm. Another standard was prepared and used for the initial calibration and continuing calibrations. Acetate matrix spike and duplicates were determined using a value of 831ppm.
Initial and continuing calibration verifications for formate and acetate were within ten percent of the known standard concentration. The initial calibration verification for formate was 99.2 percent and the two continuing calibration verifications were 103 and 106 percent. For acetate the initial calibration verification was 97.9 percent and the continuing verifications were 108 and 110 percent.
Although triethylamine was determined by an ion chromatography technique that is not an EPA SW-846 method, the same quality assurance requirements were applied to these analyses as those required by EPA SW-846 Method 9056. Initial and continuing calibration verifications for triethylamine were within ten percent of the known standard concentration. The initial calibration verification for triethylamine was 99.4 percent, and the continuing calibration verifications were 97.2 and 90.5 percent.
c. Methanol
With the exceptions noted below, results from the EPA SW-846 Method 8015 analyses met all applicable quality assurance requirements. These requirements included calibration specifications, recoveries and blank analyses. No laboratory control samples were used during these analyses. Although EPA SW-846 Method 8015 does indicate that such a spike should be included, the sample used for continuing verification can be used to verify the ability of the analytical technique to measure methanol in aqueous media.
The matrix spike and duplicate recoveries were 106 and 135 percent. The relative deviation was 21.5 percent. The relative deviation was within the required range (less than 25 percent). The matrix spike was within the required recovery range (between 50 and 130 percent), but the duplicate was not. The analytical laboratory performing the analyses has found 65 to 135 percent to be more appropriate. Although this does not meet specification of Reference 2, it is consistent with EPA SW-846 Method 8000.
EPA SW-846 Method 8015 requires calibration verification to be within 15 percent of the initial calibration. This criterion was met by all initial and continuing calibration verifications. The initial calibration verification was 13.9 percent. The two continuing verifications were 12.9 and 11.0 percent. As noted previously, the continuing calibration verification also acted as a laboratory control sample (used to verify quality of the analytical technique on a sample with a "clean" matrix).
The laboratory noted evidence that one of the field blanks had been compromised. No methanol was found in the field blank. Because neither of the analytical samples was found to have methanol concentrations above the laboratory detection limits, the compromised field blank did not affect the sample results. The result for this field blank has been included in Chapter 5.0 Results along with the appropriate qualification.
Semivolatile Organic Compounds
With the exceptions noted in this subsection, semivolatile organic compound analyses met specifications of Reference 2, Reference 3, and EPA SW-846. All analyses were performed within the specified hold times. Field blank results have been included in Chapter 5.0 Results. Unless otherwise indicated, laboratory method blanks were found to be free of semivolatile organic compounds. Results from the matrix spike and matrix spike duplicate and from some of the laboratory control sample results have been given in Table 4 .6. All relative deviations were within the range specified for these analyses (less than 25 percent).
With the exception of pentachlorophenol, the recoveries were also within the range specified in Reference 2 (between 50 and 130 percent). The range of acceptable recoveries had been changed to between 20 and 130 percent because of experience with these types of compounds. This change was agreed upon prior to initiation of the study and was documented in Reference 3.
Two tentatively identified compounds (TICs) were reported in all samples and blanks, including the laboratory method blanks. The presence of these compounds in the samples cannot therefore be determined. In fact, by application of the CLP 5x rule to the method blank results, only one of the TICs would be considered detectable. Other TICs were identified in the samples. These are discussed in Chapter 5.0 Results.
Initial and continuing calibrations were all within specifications. Surrogate recoveries were low for several compounds. This appears to be due to the high pH of the samples. Compounds that were not recovered would not be expected to be compatible with an alkaline matrix. These compounds would therefore not be expected to be present in the samples.
Pesticides
With the exceptions noted in this subsection, pesticide analyses met specifications of Reference 2, Reference 3, and EPA SW-846. All analyses were performed within the specified hold times. Field blank results have been included in Chapter 5.0 Results. Unless otherwise indicated laboratory method blanks were found to be free of pesticides. Results form the matrix spike and matrix spike duplicate and from the laboratory control sample have been given in Table 4 .7. All matrix spike and matrix spike duplicate recoveries and all relative deviations were within the specifications given. One of the laboratory control sample compounds, Endrin, was outside of the range that was established for the matrix spike and matrix spike duplicate recoveries. This laboratory control sample result was slightly higher than the allowable matrix spike recovery range (50 to 130 percent).
During the analyses, eleven continuing calibration validations were performed. During one of these, one of the compounds was slightly out of specification. Laboratory experience showed that measured concentrations should be within 15 % of the actual value. During the final continuing calibration validations delta BHC had a deviation of 15.1 %.
Polychlorinated Biphenyls
Polychlorinated biphenyl (PCB) analyses met specifications of Reference 2, Reference 3, and EPA SW-846. All analyses were performed within the specified hold times. Field blank results have been included in Chapter 5.0 Results. Laboratory method blanks were found to be free of pesticides. Results form the matrix spike and matrix spike duplicate and from the laboratory control sample have been given in Table 4 .8. 
D. Radionuclides
With the exception of the gross alpha and gross beta analyses, the methods used to determine the radionuclide content of the glass were not EPA SW-846 methods. Whenever applicable EPA SW-846 protocol was applied to these analyses. For example, use of laboratory control samples and application of initial and continuing calibrations were applied to these samples. Recovery results for the laboratory control samples have been given in Table 4 .9.
Carbon-14 was reported to be detected in fifteen of twenty samples, standards and blanks that were analyzed. The carbon-14 method used is susceptible to interference from cesium-137, technetium-99, and radon. During validation of the data, the carbon-14 analyses were found to be greatly influenced by the presence of cesium-137 and naturally-occurring radon. In addition, application of the 5x rule to the tritium and iodine-129 method blank results showed the reported sample concentrations to be "nondetects".
Plutonium-241, carbon-14 and gross alpha recoveries were slightly outside of the range specified in the project QAPjP (70 to 125 %). 2 Selenium-79 was also determined for these samples. Because a standard was not available, laboratory control standard recovery could not be determined. Recovery of this radionuclide is known to be poor. These determinations were not different. Recoveries were determined to be as low as 12 percent. This is similar to recoveries seen at the Savannah River Technology Center. Although neptunium-237 was reported in one of the samples, validation showed no peak to be present. The result has been noted with the appropriate indicator.
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Results
Results from the sample analyses are presented in this chapter. In most cases, these results are presented in the same order as the analytes listed in Tables 1 through 5 of Reference 1. In addition to the sample results, values for the field blanks and process blanks have been included in some cases. A nine-volume data package will be issued that will include all results from the samples, process blanks, field blanks, and standards.
The title of each section in this chapter was taken from the corresponding table in Reference 1. Titles are not meant to suggest that the designated activities are underway. For example, Section A is titled "Analysis to Support Delisting Petition." At this time, the authors are not involved in efforts toward delisting the low-activity waste forms from the Hanford High-Level Waste tanks.
The QAPjP 2 listed five types of quality control samples. One of these, equipment rinsate blanks, were not applicable to these analyses because sample collection was performed by transferring material from one container to the sample containers without the use of sampling equipment. The following quality control samples were submitted with these samples: -Trip blanks were submitted with each set of samples that were analyzed for volatile organic compounds.
-Duplicate samples were submitted for all analyses except TCLP. -Method blanks were prepared and analyzed by the subcontractor for all analyses except physical properties and ammonia determinations. -Matrix spike and matrix spike duplicates were prepared for all analyses except physical properties and most radionuclide determinations. Recoveries (analyte measured/analyte in samples) were within the ranges indicated in the QAPjP unless otherwise indicated in this report.
In this report, estimated quantitation limits (EQLs) are reported as ten times the method detection limits (MDLs). EQLs are normally defined as five or ten times the MDL with some laboratories using as low as three times the MDL. EPA SW-846 states in Chapter One, Section 5.0, "The EQL is generally 5 to 10 times the MDL." This is repeated in several SW-846 methods including Methods 8260B and 8270C. For this report, the EQL was conservatively assumed to be 10 times the MDL.
A. Analysis to Support Delisting Petition
Results presented in this section are those specified in Table 1 of Reference 1. While some of the TCLP results were higher than expected (e.g. barium results), all results showed that the glass waste form did not have any characteristics of dangerous waste. Specifically, the waste form was not ignitable, not reactive and not toxic, and did not contain cyanide concentrations above those specified in the code of federal regulations.
Miscellaneous
Results for the cyanide analyses were <0.102 mg/kg for all samples and blanks. Total oil and grease and sulfide measurements were not made on these samples. This is consistent with the QAPjP, the task plan, and discussions held between RPP personnel and SRTC. Oil and grease would not have survived the vitrification environment (1150 o C). Sulfur in these samples was measured by ICP-ES and as sulfate IC. These results have been included in Section 5.B.
As expected, cyanide was not detected in the samples or in the blanks. Detection limits were limited by the quantity of sample available for the analyses. The quantities were sufficient to show that cyanide concentrations in the glass were less than 0.102 mg/kg. These values are well below the land disposal restriction limits given in 40CFR268 for total cyanide (590 mg/kg) and for amenable cyanide (30 mg/kg).
Dangerous Waste Characteristics
Results from the target RCRA metals analyses and target TCLP analytes have been given in Table 5.1 and Table 5 .2. The TCLP results for the target analytes were at least an order of magnitude below any of the universal treatment standards except barium. Even barium was less than an eighth of the universal treatment standard. From the results in Table 5 .1 for the total metals, only chromium, silver, and nickel would fail TCLP even if all of these species were to leach from the glass waste form. , 3, 4, 6, 7, 2, 3, 4, 6, 7, 2, 3, 4, 7, 8, Dioxins & Furans (pg/g) OCDF (4.90) (3.02) (4.99) () Parentheses indicate analytes that were detected but at concentrations less than 10x the method detection limit. *Silver recoveries were very low on acid dissolutions. Although this was not expected to have been the case with the peroxide fusions, separate matrix spikes and matrix spike duplicates were not analyzed for the peroxide fusion samples. **Recoveries were not within the specified range of between 50 and 130 % on the matrix spikes or matrix spike duplicates for these analytes. ***N F indicates a "not flammable" result in the ignitability test (Method 1030 modified for smaller sample size). ****These results are to be interpreted as nondetects based on application of the 5X rule to the method blank. + These results are to be interpreted as nondetects based on application of the EPA's MDL formula using calibration blank results. ++ These results are to be interpreted as nondetects based on interference check samples.
Results from analysis of the TCLP leachate analysis indicated that the method detection limit was too high for thallium to determine whether the thallium leachate concentration would have been below the UTS limit. Although not included as one of the TCLP target analytes, the thallium method detection limits have been included along with the other TCLP results in Table 5 .2. () Parentheses indicate analytes detected but at concentrations less than 10x the method detection limit. *Recoveries were not within the specified range of between 75 and 125 % (for metal analyses) on the matrix spikes or matrix spike duplicates for these analytes. **Results considered nondetects based on measured concentrations in extraction blanks.
Recovery of barium and mercury in TCLP leachates was problematic; however glass concentrations of these metals were so low that they would pass TCLP even if they leached completely. Recovery of silver was slightly low (74.4%) for the matrix spike. Results given in Table 5 .1 show that one of the field blanks appears to have been contaminated with barium and a small amount of nickel.
Process blank TCLP results were below the method detection limits for all RCRA metals except barium (2280 µg/L), mercury, beryllium, cadmium, and chromium. Results for mercury (0.07 µg/L), beryllium (0.444 µg/L), cadmium (1.56 µg/L), and chromium (7.89 µg/L) were very close to the detection limits. Detection limits were 1 µg/L for barium and cadmium, 0.2 µg/L for beryllium, 3 µg/L for chromium, and 0.05 µg/L for mercury.
B. Analysis to Support Characterization of Envelope A Waste Form Samples
Results from elemental and anion analyses have been presented in Table 5 .3. The "Acid" heading in Table 5 .3 refers to analysis of duplicate samples dissolved by the acid dissolution. The "Fusion" heading in Table 5 .3 refers to analysis of duplicate samples dissolved by the peroxide fusion dissolution. The four columns under the "Sample" heading are therefore quadruplicate analyses. Each of these columns should have been compared to the composition that was targeted in the vitrification demonstration. Ta  (5.5x10 2 ) <300 <300 <300 ND <1200 <1400 Tl <120 <120 <12000 <12000 ND <460 <55000 U *<1300 *<1300 *<1300 *<1300 ND *<5000 *<5900 V 233 ND 192 ND indicates the sample was not analyzed for this analyte. Neither a concentration nor a detection limit is available. () Parentheses indicate analytes that were detected but at concentrations less than 10x the method detection limit. *Recoveries were not within the specified range for the matrix spikes or matrix spike duplicates for these analytes. **Neither the concentration nor the detection limits could be determined because of interferences and a base line shift. *** Interferences and base line shift were observed in analysis of nitrite. Detection limits could not be determined. Although a quantitative analysis could not be made, the results suggest that nitrite was present in the samples.
+
Total halide measurement. This is fluorine, chlorine, bromine, and iodine.
++
These results are to be interpreted as nondetects based on application of the 5x rule to the trip blank.
Primary component concentrations (concentrations >1000 ppm) were close to the target values. 4 The anion concentrations given in Table 5 .3 were determined by analysis of the samples that were dissolved by peroxide fusion followed by a water uptake. Because of the dilution factor experienced during dissolution of the the glass waste form (approximately a factor of 0.5 g to 100 mL), detection limits are at least 200 times higher than analyses of a more pristine aqueous solution.
C. Analysis to Support Permitting
Results presented in this section are those specified in Table 3 of Reference 1. While four of the volatile organic compounds were detected in the samples, the concentrations (between 3 and 7 µg/kg) at which they were detected were below what is typically considered quantitative (less than ten times the detection limit). In addition, two unidentified organic compounds were detected during Method 8270C analyses. These compounds were detected in all samples, process blanks, and field blanks.
Volatile Organic Compounds
Results presented in this subsection are for the volatile compounds specified in Table 3 of Reference 1. While Method 8260B did show trace levels of four volatile organic compounds were present in one of the samples, the concentrations were below what is commonly considered the lower quantitative limit (below ten times the detection limit). Toluene, 2-methyl-2-propanol, and octamethyl cyclotetrasiloxane were also detected in one of the field blanks. The presence of these compounds is expected to be due to contamination of the sample. Although acetone was only detected in the sample, its presence is also expected to be due to laboratory contamination.
a. Volatile Organic Compounds Measured Using EPA SW-846 Method 8260
Results from the Method 8260B analysis have been presented in Table 5 .4. For Sample 1, no volatile organic compound was detected in these analyses. Although for Sample 2 small concentrations of four volatile compounds were detected, the concentrations were less than 10 times the detection limit. Therefore, the uncertainty associated with these values should be considered to be high. With the exception of acetone (2-propanone), these analytes were also detected in the field blank.
b. Volatile Organic Compounds Measured Using Ion Chromatography
Results from the ion chromatography analyses for the volatile organic compounds have been reported in Table 5 .5. In addition, Table 5 .5 shows the results from the process blanks and from the field blanks. These analytes were determined by ion chromatography because determination of these compounds using Method 8260B is known to be problematic. Use of ion chromatography is consistent with the QAPjP, the task plan, and discussions held between RPP personnel and SRTC. ND indicates neither a concentration nor a detection limit is available. See additional footnotes for details. () Parentheses indicate analytes that were detected but at concentrations less than 10x the method detection limit.
*These analytes are gases, and standards could not be prepared. These analytes were monitored for but not seen as TICs. **Standards for these analytes were not detected at 20 ppm. These analytes were monitored for but not seen as TICs. ***These analytes were monitored for but not seen as TICs. ****This analyte was monitored for as a TIC and was detected in one of the samples.
#
Recovery for these analytes was greater than 130 % for the matrix spike or matrix spike duplicate. As expected neither triethylamine, formate, nor acetate was detected in the samples. Although for one of the process blanks, a small concentration of acetate was detected, the concentration was less than 10 times the detection limit. Therefore, the uncertainty associated with this value should be considered to be high. The acetate is expected to have been due to contamination although the source is not known.
c. Methanol
The Method 8015 analysis showed that methanol concentrations were below the detection limit (0.1 mg/kg) for all samples and blanks except one process blank. This process blank was shown to have 0.21 mg/kg of methanol. Although this result is too low to be used quantitatively, it is above the detection limit. The methanol is expected to have been due to contamination although the source is not known.
Semivolatile Organic Compounds
Results presented in this subsection are for the semivolatile organic compounds specified in Table 3 of Reference 1. Results from the Method 8270C analysis and the oxalate determination have been given in Table 5 .6. As expected, the target compounds were not detected in the samples. Two unidentified nontarget compounds were detected in all analyses including the process and field blanks. These compounds are expected to have been due to contamination, although the identity of these compounds was not known.
Pesticides
Results presented in this subsection are for the pesticides specified in Table 3 of Reference 1.
Results from the Method 8081 analysis have been given in Table 5 .7. As expected, none of these analytes were detected in any of the samples or the blanks. The detection limits were substantially lower for the field blanks because aliquots of the samples were used for matrix spike and matrix spike duplicate analyses. <500 <1500 <490 <500 <490 Hexachlorobutadiene <500 <1500 <490 <500 <490 Naphthalene <500 <1500 <490 <500 <490 Pentachlorophenol <500 <1500 <490 <500 <490 2-sec-Butyl-4,6-Dinitrophenol <500 <1500 <490 <500 <490 1,1-Biphenyl <500 <1500 <490 <500 <490 1,2-Dichlorobenzene <500 <1500 <490 <500 <490 Acetophenone <500 <1500 <490 <500 <490 Nitrobenzene <500 <1500 <490 <500 <490
ND indicates neither a concentration nor a detection limit is available. See additional footnotes for details.
*Although these analytes were not detected in the samples, no quantitative determination could be made as to the method detection limit. **Although not one of the requested compounds, this analyte was monitored for as a TIC and was detected in one of the blanks.
Polychlorinated Biphenyls (PCBs)
Results presented in this subsection are for the polychlorinated biphenyl (PCB) analyses specified in Table 3 of Reference 1. Results from the Method 8082 analysis have been given in Table 5 .8. As expected, none of these analytes were detected in any of the samples or the blanks. The detection limits were substantially lower for the field blanks and the process blanks because aliquots of the samples were used for matrix spike and matrix spike duplicate analyses. 
D. Radionuclides
Radionuclide concentrations have been presented in Table 5 .9. Cesium-137, strontium-90, technetium-99 and total beta values were high enough to be quantitative. Other radionuclides were detected at lower concentrations. The results presented in Table 5 .9 are similar to results determined at SRTC. Compliance of the waste form characteristics with RPP contract radionuclide specifications is discussed in Reference 4. () Parentheses indicate analytes that were detected but at concentrations less than 10x the method detection limit.
*Carrier recovery for these analytes was low. SRTC personnel who have experience with this method indicated that the recoveries obtained by BWXT are typical of the method. They were, however, below the acceptable recovery range of 70 to 125% given in Reference 2. **Carbon-14 was measured in the solid glass waste form to avoid potential losses during dissolution processes. Reported as less than due to interferences. ***This result is to be interpreted as a nondetect based on application of the 5x rule to the method blank.
+
These results were reported as less than due to interferences.
E. Physical Properties
Results from density determinations have been presented in Table 5 .10. The viscosity, total dissolved solids and total suspended solids were not determined on these samples. This is consistent with Reference 1, Reference 2, and Reference 3. Viscosity and solids analyses would not have been applicable to these samples. The density results were close to the expected values (~2.7 g/cc). 
Discussion
A. Analyses to Support Delisting Petition
Analyses were successful at showing that this waste form would meet Land Disposal Requirements. Cyanide concentrations were below 40CFR268 limits, and ignitability tests showed the waste form was not ignitable. Analysis of TCLP leachate showed that the waste form met the Universal Treatment Standard (UTS), and dioxin and furan concentrations were low and the concentrations in the samples were similar to concentrations in the field blank. Additional clarification is given in this section for the TCLP and dioxin and furan analyses.
For the TCLP analyses, barium and mercury matrix spike and matrix spike duplicate recoveries, and silver matrix spike recoveries were low. For mercury and barium, the glass waste form did not contain sufficient quantities to be hazardous, even if all were to be released from the glass. This can be seen using the results from the total metal analyses in Table 5 .1.
For silver, the TCLP leachate was more than an order of magnitude below the UTS limit. The matrix spike duplicate and the post spike were both within the required range for metals (75 % to 125 %). In addition, the matrix spike was only very slightly lower than the allowable recovery (74.4 %). Therefore, although the results for silver did not meet the quality control requirements for the matrix spike recovery (74.4 % compared to 75 %), the leachate silver concentrations were far below the UTS silver limit. As a result, we have a high degree of confidence that the TCLP leachate silver concentration was below the UTS limit.
Two dioxins (1, 2, 3, 4, 6, 7, and one furan (OCDF) were detected in the waste form. All three of these were detected in similar or much higher concentrations in all process and field blanks. In addition OCDD was reported in the laboratory's method blank. Because these compounds were found in the blanks, conclusions regarding the concentrations in the samples are not easily reached. One approach would be to consider the results reported for these compounds as the maximum possible concentrations. Another approach would be to apply the CLP 5x rule to the blanks. The 5x rule would indicate that the sample results are below the resulting detection limits.
B. Analyses to Support Characterization of Tank Waste Samples
With the exception of fluoride, chloride, and nitrite the analyses were successful at determining the concentration or a method detection limit for each of the species specified in Table 3 of Reference 1. These results have been given in Table 5 .3. The value given for bismuth is suspect because the bismuth recovery in the matrix spike was only 38 %.
During ion chromatography, matrix effects apparently caused the baseline to shift such that a determination could not be made as to whether fluoride or chloride was present in the samples. In addition, although nitrite appeared to be present, a determination could not be made as to the concentration of nitrite in the samples. SRTC will work with BWXT to determine whether the IC conditions can be adjusted so that future samples can be analyzed without such interferences.
C. Analyses to Support Permitting
With the exception of a few of the semivolatile compounds, the analyses were successful at showing that if present, the concentrations of species specified in Table 3 of Reference 1 were very low. Although these species are not expected to have survived the vitrification process, the analytical methods used could not provide information on the following three compounds: 2-propenoic acid, 1,1-dimethylhydrazine and methylhydrazine.
Although most of the volatile organic compound concentrations were below the detection limits, very low concentrations (less than 7 µg/kg) were reported for three volatile organic compounds (See Table 5 .4). Because these three compounds (toluene, 2-methyl-2-propanol, and octamethyl cyclotetrasiloxane) were also detected in one of the field blanks, their presence was expected to have been due to contamination of the samples. Because these compounds were found in the blanks, conclusions regarding the concentrations in the samples are not easily reached. One approach would be to consider the results reported for these compounds as the maximum possible concentrations. Another approach would be to apply the CLP 5x rule to the blanks. The 5x rule would indicate that the sample results are below the resulting detection limits. Although acetone was not reported in the blanks, its presence on the sample is also expected to have been due to contamination.
Twelve of the compounds listed in Table 5 .4 were monitored for as tentatively-identified compounds (TICs). These compounds have been noted in Table 5 .4. Although calibration curves could not be generated for these compounds, the detection limit for these compounds is expected to have been similar to the other volatile organic compounds (5 to 1000 µg/kg).
Concentrations of most semivolatile compounds specified in Reference 1 were shown to be below the analytical method detection limits (See Table 5 .6). Detection limits were not reported for four of the specified compounds. Standards for pentachloronaphthalene and hexachloronaphthalene could not be obtained.
Analysis for tetrachloronaphthalene or octachloronaphthalene did not show fragmentation patterns typical for this family of compounds.
At the BWXT facility, analytical difficulties for the Envelope A samples may have precluded the laboratory's ability to detect three semivolatile compounds, 2-propenoic acid, 11-dimethylhydrazine and methylhydrazine. Solutions to these difficulties have been proposed, and future shipments are expected to be analyzed successfully. Problems associated with 2-propenoic acid may have been due to the conditions at which the GC column is being operated. In addition, Method 8270C does not appear to be applicable to measuring 1,1-dimethylhydrazine and methylhydrazine. For future analyses, BWXT has recommended use of another GC-MS method.
In addition to the compounds specified in Reference 1, analyses show other semivolatile compounds to be present in these samples and in the blanks. In all samples and blanks, two unidentified compounds were reported. Because these were also reported in the laboratory's method blank at similar concentrations, the source of these compounds was assumed to be contamination. Because these compounds were found in the blanks, conclusions regarding the concentrations in the samples are not easily reached. One approach would be to consider the results reported for these compounds as the maximum possible concentrations. Another approach would be to apply the CLP 5x rule to the blanks. The 5x rule would indicate that the sample results are below the resulting detection limits. Additional TICs were reported for one of the process blanks and one of the field blanks (See Table 5 .6).
Pesticide and PCB analyses showed none of the compounds to be present at concentrations above the method's detection limits. In addition validation of these analyses showed no additional uncertainty to be associated with the results. Although the continuing calibration for octachloronaphthalene was beyond 15 % is some cases, the analysis met the SW-846 protocol and specification of the project QAPjP.
D. Radionuclides
The radionuclide analyses were successful at providing results for all species specified in Table 4 of Reference 1. Results for selenium-79 have been included; however the detection limits for this species were based on standard analyses that were subject to poor analyte recoveries. Carbon-14 results were reported as maximum possible concentration in sample because of interferences. Tritium was also reported as maximum possible concentration because of the presence of contamination in the laboratory's method blank.
E. Physical Properties
The measured glass waste form densities were similar to densities determined for glass waste forms made with nonradioactive simulants of the Tank AN-103 supernate. The difference between the two duplicates was slightly higher than expected. This variation may have been due to limitations on producing small quantities of a glass waste form, and sampling.
Conclusions
The Envelope A glass waste form has been shown to meet the requirements for disposal as a "nonhazardous", non-TRU waste form. Specifically, leachates from the TCLP showed the waste form met Universal Treatment Standards for RCRA metals, and radionuclide analyses showed that the waste form would not need to be handled as transuranic waste. In addition, analysis of organic species indicated the few organic species detected were also found at similar concentrations in the blanks.
Although three of the semivolatile organic analytes could not be measured directly, results for the other semivolatile organic analytes suggest that these three compounds also were not present in the glass waste form at detectable concentrations. Results from analysis of the other organic compounds confirmed that although organic compounds may be present in the melter feed, vitrification conditions (very high temperatures) are such that the organic compounds would not be in the glass waste form.
